OBJECTIVE: To identify contrasts between the risk factors associated with abdominal weight gain and those associated with peripheral weight gain. DESIGN: Prospective mail survey. SUBJECTS: 44 080 white, non-Hispanic, healthy women who were questioned in 1982 (baseline age 40±54 y) and 1992 about weight, diet, alcohol use, smoking, 10 physical activities and other variables. MEASUREMENTS: Self reports in 1992 identi®ed 4261 women who gained weight in the abdomen and 7440 women who gained in the periphery (sites other than the abdomen). Using identical logistic models adjusted for age, baseline body mass index (BMI) and numerous covariates, the abdominal-gain group and the peripheral-gain group were separately compared with 10 888 women who did not gain weight. 
Introduction
We have recently reported on stable behaviors and other characteristics associated with a 10 y change in body mass index (BMI, kg/m 2 ) among 44 080 middleaged women.
1 A change in BMI does not specify the anatomic site, however, at which a woman may have gained or lost her body weight. This anatomic detail is of potential importance since increased abdominal weight (usually in the form of adipose tissue) is directly predictive of cardiovascular diseases, diabetes and certain cancers. 2±9 By contrast, increased weight in the periphery, that is, at sites other than the abdomen, may be relatively free of associated medical risk. Enlargement of peripheral muscle mass is generally benign and increased peripheral adipose mass, speci®cally in the lower extremities, may even be associated with a health bene®t.
3,10±13
We report here our exploration of whether the stable behaviors and other characteristics associated with a woman's change in BMI are associated with equal likelihood of gain at the abdomen and gain at the periphery. A factor associated with greater likelihood of weight gain in the abdomen than the periphery might be considered a health risk. Conversely, if the likelihood of weight gain is greater in the periphery than the abdomen, then the associated factor might be considered a relative health bene®t. We have identi®ed several behaviors and characteristics for which the likelihood of abdominal gain differs from the likelihood of peripheral gain.
Methods
Participants were initially recruited in 1982 by volunteers of the American Cancer Society for the Cancer Prevention Study-II, a large prospective survey based on a 4 pp con®dential questionnaire about personal and medical history, food frequencies, cigarette smoking and alcohol consumption. 14 Our analytic cohort was limited to 44 080 healthy, white, non-Hispanic women, aged 40±54 y at baseline, who 10 y later completed an 8 pp questionnaire focusing on dietary intake and a history of selected physical activities.
Among these 44 080 women, we used self reports of weight in 1982 and 1992 to document a weight change. Their reports at both points in time regarding cigarette smoking, vitamin E supplementation, beer, wine and liquor consumption were used to categorize their usage during the decade of observation. For each substance the referent group (non-users) explicitly reported no use at both 1982 and 1992. Other groups were de®ned by their consistent reports of usage at both points in time or usage that was inconsistent or unde®ned.
Participants' meat consumption was categorized by calculation of their quintile positions both in 1982 (total of 6 meat questions) and 1992 (total of 8 meat questions). The referent group (low consumers) was de®ned by consistently being in the ®rst quintile at both points in time. Referents were compared to participants reporting consistently moderate consumption (second to fourth quintile at both points in time), consistently high consumption (®fth quintile at both points in time), increasing, decreasing or unknown consumption. A similar procedure was followed for categorizing each participant's vegetable consumption (total of 6 questions in 1982, total of 8 questions in 1992). Quartiles of daily intake of total calories in 1992 were estimated from our 68-item, food-frequency questionnaire (adapted from the``Health Habits and History Questionnaire'' of the US National Cancer Institute 15 ) using the HHHQ-DIETSYS Analysis Software (version 3.5, National Cancer Institute, 1995).
Weekly exercise level for each of 10 physical activities was categorized by the consistency (or inconsistency) in reported h/wk at age 40 y (for example, 1982 or earlier) and in 1992. The referent group for each activity was de®ned by consistently reporting`none' at the two points in time. Referents were compared to participants who reported consistently 1±3 h/wk or consistently 4 h/wk, along with terms for increasing, decreasing or missing data on the activity of interest.
The 1992 questionnaire asked`When you gain weight, where on your body do you mainly add the weight?' It permitted 6 non-exclusive responses (chest and shoulders; waist; hips and thighs; other part of body; equally all over; don't gain weight). From this question on anatomic gain site we labeled as abdominal gainers the 4261 women who reported a 10 y weight gain and who also speci®ed`waist' as the only place where they added weight. We labeled as peripheral gainers the 7440 women who reported a 10 y weight gain and speci®ed the anatomic gain site to bè hips and thighs' alone (n 6126),`chest and shoulders' alone (n 142),`other part of body' alone (n 551) or any combination of these sites (n 621, including 596 that mentioned`hips and thighs'). Thus, among the women considered to be peripheral gainers, all but 718 (9.7%) reported at least some gain at the hips and thighs. The 21 491 women who reported gaining weight in both the abdomen and the periphery (or`equally all over') were excluded from our site-speci®c analyses. All the remaining 10 888 women who reported a weight change of zero or less in 10 y were classi®ed as non-gainers irrespective of their responses to the question on anatomic site.
Multivariate, unconditional logistic regression was used to estimate the effect of each covariate on abdominal gain (abdominal gainers vs non-gainers) and on peripheral gain (peripheral gainers vs nongainers). The identical logistic models included a continuous adjustment for age and categorical adjustments for education; BMI in 1982; slope of BMI change between age 18 y and 1982; change in marital status; four regions of the country; estimated daily intake of total calories in 1992; vitamin E supplementation; parity; menopausal status; estrogen replacement therapy and all the categorical terms describing consistent or inconsistent meat intake, vegetable intake, alcohol consumption, smoking and 10 physical activities.
Although our multivariate models included terms for women who increased or decreased each of the reported behaviors, we describe below primarily the associations related to stable behaviors (along with the special cases of smokers who quit and women who started or stopped estrogen replacement therapy). If a woman's behavior was different at the two points in time, we could not determine when the behavioral change had occurred. Furthermore, it would be unclear if the behavioral change facilitated the weight change or the weight change facilitated the behavioral change. 16 
Results
Figure 1 presents odds ratios for abdominal gain and peripheral gain related to diet, consumption of liquor, beer and wine, and cigarette smoking. Meat intake consistently above the ®rst quintile was associated with a clearly increased risk of gain in the abdomen but smaller, non-signi®cant gains in the periphery. Vegetable intake consistently above the ®rst quintile, on the contrary, was associated with a protection against gain in the abdomen but also no signi®cant effects on gain in the periphery. Among women who drank liquor or beer`5 d/wk, there was a small increased risk of abdominal gain but no effect on gain in the periphery; beer or liquor consumption ! 5 d/wk was associated with reduced risk of peripheral gain but no effect on gain in the abdomen. Women who drank wine, however, experienced only a small increase in peripheral gain (for wine`5 d/wk) or no effect at either site (for wine ! 5 d/wk).
Cigarette smoking was strongly associated with a reduced likelihood of gain in the periphery. The risk of abdominal gain, however, was reduced only slightly for smokers of up to 20 cigarettes/d and not at all for those smoking over 20 cigarettes/d. Women who quit smoking between 1982 and 1992 had a markedly increased likelihood of gain in both the abdomen and the periphery.
Consistent jogging/running was associated with a reduced risk of weight gain that applied about equally to the abdominal and peripheral sites (Figure 2 ). Consistent gardening/mowing/planting showed little difference in the risk of weight gain at the abdomen and periphery. Consistent heavy home repair/painting was associated with weak trends toward reduced risk of abdominal gain and increased risk of peripheral gain. For women who engaged in consistent aerobics/ calisthenics or walking for 1±3 h/wk, we found no clear contrasts between the risks of abdominal and peripheral gain. For women reporting greater time (4 h/wk) consistently devoted to aerobics/calisthenics or to walking, there was a signi®cant reduction in risk of abdominal gain but little effect on peripheral gain. No signi®cant effects on abdominal or peripheral gain were found related to histories of consistent lap swimming, tennis/racquetball, bicycling/stationary bike, dancing or heavy housework/vacuuming (data not shown).
Parity greater than zero was associated with a small increased risk of peripheral gain and a larger, graded risk of gain at the abdomen (Figure 3 ). Compared to Figure 1 Odds ratios, multiply adjusted, observed for women's abdominal (A) gain and peripheral (P) gain related to 10 y consistent history of meat intake, vegetable intake, consumption of liquor, beer and wine, and cigarette smoking.
women who reported continuous endogenous estrogen cycles throughout the 10 y observation period, women who reported menstrual cessation or perimenopausal bleeding patterns demonstrated a reduced risk of abdominal gain; their risk of peripheral gain was not signi®cantly affected. Women who reported using exogenous estrogen replacement therapy both in 1982 and 1992 demonstrated an increased likelihood of peripheral but not abdominal weight gain. Women who initially used estrogen replacement therapy, but stopped it before 1992, had a reduced risk of abdominal gain that was overlapped by a reduction (not signi®cant) in the risk of peripheral gain.
A history of long-term weight gain since age 18 y was associated with an increased risk of abdominal gain but a decreased risk of peripheral gain during our 10 y observation period. With each additional year of age at baseline, there was a reduced risk of abdominal gain (odds ratio 0.98, 95% con®dence interval 0.97 to 0.99) and a greater reduction in risk of peripheral gain (odds ratio 0.93, 95% con®dence interval 0.92 to 0.94). (Note that Figure 3 displays the odds ratios for 10 y rather than for a single year of age.) Our multivariate models indicated no clear contrasts between the likelihood of abdominal gain and peripheral gain with regard to consistent vitamin E use, educational attainment, marital change and residential regions of the country (data not shown). Figure 2 Odds ratios, multiply adjusted, observed for women's abdominal (A) gain and peripheral (P) gain related to consistent jogging/running, gardening/mowing/planting, heavy home repair/painting, aerobics/calisthenics, and walking.
Discussion
Our earlier report 1 found that women's mean change in BMI (adjusted for age, baseline BMI and numerous covariates) was directly associated with consistently high meat consumption and with smoking cessation during the 10 y observation period (both P`0.001). The mean change in BMI was inversely associated with consistently high vegetable consumption, continued cigarette smoking, beer use 5 d/wk, liquor use 5 d/wk, jogging or running 1 h/wk, aerobics or calisthenics 4 h/wk, gardening, mowing or planting 1 h/wk, walking 4 h/wk and use of vitamin E supplements 100 IU/d (all P`0.01). Within the same population of middle-aged women we have here found that some of these risk factors for weight change did not predict gain equally at abdominal and peripheral sites.
Our ®ndings in this study must be interpreted cautiously since each participant's anatomic site of weight change was determined solely by her self report at the end of the observation period. Nevertheless, we cannot identify a source of systematic bias that may have operated on this outcome variable. The participants could not have been aware of the research Figure 3 Odds ratios, multiply adjusted, observed for women's abdominal (A) gain and peripheral (P) gain related to parity, endogenous estrogen cycles, estrogen replacement therapy, slope of change in body mass index (BMI) since the age of 18 y, and age at study baseline.
questions covered by our analyses. Any cultural bias affecting the participants' assessment of her site of weight change should have been minimized by our statistical adjustments for age, educational attainment, region of the country, change in marital status, parity, baseline BMI and slope of BMI change since early adulthood. A major strength of our study is that our behavioral variables were ascertained with regard to two points in time, thus strengthening the claim that the behaviors were consistent during the decade preceding the outcome assessment.
Previous epidemiological studies of women's body fat distribution have found various clinical or behavioral correlations with women's waist-to-hip ratio (WHR) of circumferences. Few of them provided separate information on waist or peripheral measurements and none of them included behavioral information that had been collected prospectively. These cross-sectional studies included 52 953 US women aged 20±59 y, 17 
32±34
While our study has neither waist nor hip measurements, our ®ndings may be compared in a general way to the WHR correlations presented by the earlier studies. One may assume that a positive increment in WHR (the outcome presented in the previous crosssectional studies) is the natural consequence of having a greater likelihood of waist gain compared to the likelihood of peripheral gain (the outcome presented in our prospective study). Viewed in this way, our data enhance the understanding of how an increment in WHR may be achieved over time. An elevated WHR is the result of either a gain in abdominal mass or a loss in peripheral mass. A relatively low WHR, on the other hand, may be the result of either a loss in abdominal mass or a gain in peripheral mass.
In agreement with our ®ndings, for example, a previous cross-sectional study estimated that the WHR was directly associated with dietary fat intake and inversely with intake of carbohydrate and crude ®ber. 18 Our study adds that the risk of abdominal gain was associated directly with the intake of meat (source of fat) and inversely with the intake of vegetables (source of carbohydrate and ®ber), whereas the risk of peripheral gain was not signi®cantly associated with either meat or vegetable intake (Figure 1 ). This suggests that meat or vegetable intakes in¯uence the WHR more through their effects speci®cally on abdominal mass than on peripheral mass. Although the mechanism by which nutrients or food groups change abdominal adiposity is still unknown, our results are compatible with current public-health recommendations to eat more vegetables and less meat.
35±38
Previous cross-sectional studies found no association between WHR and total alcohol intake among white women 30 y, 18, 39 and either a positive 24, 30, 32 or negative 22 association among women who were older. Regarding speci®c types of alcohol, two previous reports have commented on the associations between WHR and the distinct beverages liquor, beer and wine. 18, 21 Both of these cross-sectional studies found that liquor and beer consumption were positively associated but wine consumption was inversely associated with WHR. Our longitudinal ®ndings (Figure 1 ) are con®rmatory and they may help to clarify the previous cross-sectional, beverage-speci®c ®ndings on body fat distribution. Our data suggest that the higher WHR associated with liquor and beer consumption, especially ! 5 d/wk, is more a consequence of relative weight loss in the periphery than of weight gain in the abdomen. In contrast to liquor and beer consumption, wine consumption appears to maintain peripheral tissues, thus reducing the ratio of abdominal mass to peripheral mass.
In a similar manner, our ®ndings help to clarify previous cross-sectional reports demonstrating a higher WHR among women cigarette smokers compared to non-smokers. 18,20,22±24,28,29,32,33,39 After multiple adjustments, we found that current smoking was associated strongly with a reduced likelihood of peripheral gain, but only weakly with a reduction in abdominal gain (Figure 1) . The distinctly greater loss of peripheral mass helps to explain how a woman's current smoking can be associated with a higher WHR but a lower BMI. 22, 23, 28, 29, 33 ,39±41 Our models indicated that women who quit smoking had a greater likelihood of weight gain in the abdomen than in the periphery, but the abdominal-peripheral difference was less distinct for quitters than it was for women who continued smoking (Figure 1) . Consistent with our data, longitudinal studies of women 33 and men 42 have reported an increase in WHR among cigarette quitters, but the quitters' increase in WHR was less than would have been expected if the same persons had continued to smoke. In contrast to men for whom intra-abdominal obesity is readily reduced by physical exercise, 43, 44 women appear to require a substantial loss of total and subcutaneous body fat before they diminish their visceral fat stores. 45 Previous cross-sectional studies of white populations found that leisure-time physical activity was associated with smaller decrements in the WHR among women than among men. 18, 20, 24 Our analysis of regional weight change and exercise found that most of the 10 long-term physical activities were associated with only minimal differences between the women's likelihoods of abdominal and peripheral gain (Figure 2 ). The clearest regional differences were associated with aerobics/calisthenics or walking, but only when the activity was performed ! 4 h/wk. Jogging/running, although associated with a loss of BMI, was not associated with regional differences in weight change. Our data did not con®rm a previous interventional study reporting that women exercisers randomly assigned to lap swimming preferentially preserved their peripheral subcutaneous tissue compared to women assigned to exercise in the form of walking or bicycling. 46 Our ®ndings regarding parity (Figure 3 ) are compatible with previous cross-sectional studies of older women that found high parity to be associated with a larger WHR. 17, 22, 29, 34 Among young white women, however, both cross-sectional 17, 19 and longitudinal 47 analyses have suggested that the increase observed in WHR occurs primarily in association with the ®rst birth while subsequent births are associated with only minimal WHR increases. Whether high parity is speci®cally related to adipose tissue accumulation or to other phenomena (for example, tissue elasticity or hydration) cannot be adequately determined by any of these epidemiological studies. High parity, at least among older women, is also associated with increased fasting insulin and decreased insulin sensitivity independent of body fat distribution. 25 All these ®ndings together suggest that the WHR increase associated with high parity is related more to abdominal tissue gains than to peripheral tissue losses.
Compared to women who were premenopausal throughout the decade of observation, our participants who experienced menopause showed a reduced risk of abdominal gain but no signi®cant risk of peripheral weight change. This suggests a possible small reduction in WHR associated with menopause after multivariate adjustment. Most previous cross-sectional studies, however, could not detect an age-adjusted menopausal effect on WHR, 17, 27, 29, 31 while one study reported a small increase in WHR among white women (although not among African-American women) who were post-menopausal. 20 A recent longitudinal analysis of measurements taken ®ve years apart, 34 found that the WHR increase was greater among women who changed menopausal status, compared to those who remained consistently pre-or postmenopausal, but this report did not adjust for BMI, diet, physical activity, smoking, or alcohol intake. 34 Independent of menopausal status and other covariates, we found that women who consistently used estrogen replacement therapy had an increased likelihood of peripheral gain but a slightly decreased likelihood (non-signi®cant) of abdominal gain (Figure 3) . Women who used exogenous estrogens early in the observation decade but then stopped using them had a decreased likelihood of abdominal gain and a lesser decrease in the likelihood (non-signi®-cant) of peripheral gain. Both these categories of consistent and inconsistent users of estrogen replacement might thus have experienced a small reduction in WHR, a result reported in two cross-sectional studies. 22, 27 Three other cross-sectional studies, however, found no effect of estrogen use on WHR. 26, 29, 34 Our observed increased risk of abdominal gain compared to peripheral gain associated with prior long-term weight gain (Figure 3 ) is consistent with a cross-sectional study of white women which found that a history of large weight gain after age 25 y was associated with a positive increment in WHR. 20 However, the same cross-sectional study found among African-American women that a history of large weight gain after the age of 25 y was associated with a negative increment in WHR. Unfortunately, our study population had too few black women to include them in the analysis presented here.
Our ®nding that increasing age was associated with greater reduction in peripheral weight gain than abdominal gain is consistent with numerous crosssectional reports that age is directly associated with an increase in WHR. 17, 20, 22, 24, 27, 29, 34 Age is also associated with an increase in intra-abdominal fat area as determined by computerized tomography, 48, 49 an observation that tends to con®rm the value both of external anthropometry and of our study's selfreported estimate of the anatomic site of weight gain. Future epidemiological studies might bene®t, however, from replacing the WHR with the supine sagittal abdominal diameter or with alternative ratios such as the waist-to-thigh ratio of circumferences or the abdominal diameter index. These newer anthropometric indices have been shown to provide better estimates of intra-abdominal volume 50±52 or the physiological and clinical correlates of increased intraabdominal fat. 3, 12, 51 Prevention of generalized obesity is widely advocated, but public health may be better served by focusing on the causes of absolute or relative weight gain in the abdomen. 53 Our observational ®ndings in this large cohort of women, most of them corroborated by cross-sectional studies of the WHR, suggest that a relative excess of abdominal adiposity among women is promoted by high meat intake, frequent liquor consumption, cigarette smoking and a history of high parity. On the other hand, a relative reduction of abdominal adiposity may be promoted by high vegetable intake and physical activity at least 4 h/ wk, most clearly in the form of aerobics/calisthenics or walking. Even in the absence of randomized intervention trials, the evidence points increasingly toward simple behavioral recommendations that could reduce women's accumulation of absolute or relative abdominal adiposity.
